A facile synthesis for nanosized conducting polymers with inherent selfstability and multifunctionalities is a main challenge. Here we simply synthesize intrinsically self-stabilized nanofibril bundles of poly(1-anthraquinoylamine) (PAQ) by a template-free method. The critical polymerization parameters were studied to significantly optimize the synthesis, size, properties, and functionalities of the resulted fine nanofibrils with a diameter of ca. 30 nm and length of ~6 µm. The PAQ obtained with ammonium persulfate possesses higher polymerization yield, purer composition, higher conductivity, better melting behaviour, higher thermostability, lower burning enthalpy, and slower degradation than that with other oxidants. Furthermore, the polymer nanofibrils exhibit high self-stability, powerful redispersibility, high purity, and clean surface because of a complete avoidance of the contamination from external stabilizer. The PAQ exhibits widely controllable conductivity moving across ten orders of magnitudes from 10 -9 to 50 S/cm, photoluminescence, lead-ion adsorbability, very high thermostability in air and extremely high char yield in nitrogen at 1000 °C. These materials would be useful as advanced materials including photoluminescent materials, highly costeffective carbon precursors, sorbents of toxic metal ions, and cost-efficient conductive nanocomposite with low percolation threshold.
The discovery of nanoscopic conducting polymers with large π-conjugated structures has opened a very important field of modern science [1] [2] [3] . Nanostructured conducting polymers are one of the most attractive advanced materials because of a novel combination of their electroconductivity, electroactivity, electrocatalysis, optical activity, heavy metal-ion adsorbability, electrorheology, environmental and thermal stability that have found widely potential applications in the fields of electrical and electronic materials 4 , sensors 1, 5 , enzyme immobilization 6 , light emitting diodes 7 , electrochromic films 8 , transparent conductive films 9 , electrorheological fluid 10 , and anticorrosion coatings for metals 11 . However, the preparation of nanosized conducting polymers by conventional template polymerizations usually involves a large amount of external template, which leads to impure final nano products.
The conducting polymers containing two or more aromatic rings, such as the polymers from aminoquinoline and diaminonaphthalene, have received a great deal of interest due to their superior multifunctionalities and the optimizable mechanisms by facilely regulating the polymerization and doping conditions 12 . However, poly(1-aminoanthraquinone) (PAQ) has attracted relatively less attention because it is very difficult to synthesize the PAQ with high conductivity. It is reported that poly(1,5-diaminoanthraquinone) 13, 14 , poly(2-aminoanthraquinone) 15 , and poly(1-aminoanthraquinone) 16 have been polymerized, demonstrating some excellent properties, such as good electroactivity, high electrical conductivity, powerful specific electrocapacity, and fast reversible redox ability, and as a result, electroconducting aminoanthraquinone polymers have been investigated for use as electrode materials for biosensors 15, 16 , secondary batteries, and electrochemical capacitors 13 .
Aminoanthraquinone polymers must contain 1,4-benzoquinone groups and the polyaniline(PAN)-like mainchains, which should have higher electroactivity than PAN because of the potential for conjugation of the quinone (Q/Q
•-/Q 2- ) with a π-conjugated system 17 . That is to say, a hybridization moiety, for example, quinone (Q/Q
•-/Q 2- ) into a π-conjugated system might give even higher electroactivity than just their simple mixture or the conducting polymer alone. Moreover, the aminoanthraquinone polymer is anticipated as a multifunctional material that will exhibit different properties to conventionally conducting polymers, because the polymer contains 1,4-benzoquinone groups in the aromatic rings as one more redox site than PAN. Therefore, there is no doubt that these novel characteristics of aminoanthraquinone polymers will attract the attention of more scientists from chemistry and materials science.
Here, unexpected fine nanofibrils of PAQ polymers were easily and directly obtained by chemically oxidative polymerization of 1-aminoanthraquinone (AQ) in an acidic organic medium without any external template. The presence of 1,4-benzoquinone groups in PAQ polymers would permit formation and stabilization of the nanofibrils owing to their electrostatic repulsion and steric hindrance effect, thus leading to an insitu fabrication of pure self-stable nanofibril bundles with high purity, high preparation yield, inherent self-stability, adjustable conductivity, extremely high thermostability, and high conducting carbon yield. The significant effect of key polymerization parameters, including the oxidant species, polymerization temperature and time on the yield, structure, and properties of the PAQ nanofibrils has been systematically investigated for the first time.
Synthesis of PAQ nanofibrils
The remarkable dependence of the polymerization yield on the AQ concentration is illustrated in Figure 1(a) . As the AQ concentration rises from 0 to 100 mM in HClO 4 /CH 3 CN, the yield of virgin PAQ salt nanofibril bundles demonstrates a maximum of 41.5 % at 50 mM. It is obvious that too low AQ concentration means too few polymerizing active centres, while the polymerizing efficiency at too high AQ concentration was restricted by a limited solubility of AQ in the HClO 4 /CH 3 CN, both of which result in lower yield. Therefore, the optimal AQ concentration is around 50 mM for the successful synthesis of the PAQ nanofibril bundles. The strong effect of the polymerization temperature on the polymerization yield is revealed in Figure 2 (a). It can be seen that the yield of the PAQ nanofibril bundles exhibits the maximal value of 74.3% at 15 °C. As the polymerization temperature is elevated from 15 to 50 °C, the yield gradually decreases to the lowest value, possibly due to the loss of more oligomers formed at higher temperature. Too high temperature would induce more chain termination, whereas too low temperature might cause slower and less chain initiation and propagation. The chemical oxidative polymerization of aniline and 4-sulfonic diphenylamine shows a similar relationship between polymerization temperature and yield 18 . It is concluded that 15 °C is the most favorable 
Structure of the PAQ nanofibrils
The IR spectra of AQ monomer and PAQ nanofibril bundle bases obtained with different oxidants and polymerization temperatures are shown in Figure S3 . A strong doublet due to -NH 2 stretching at approximately 3430 and 3310 cm -1 in the spectrum of AQ monomer has turned into a broad singlet centered at around 3450 cm -1 in three spectra of PAQs, which strongly suggests that almost all of the free -NH 2 groups in the monomer have changed to -NH-groups after the polymerization. The three types of PAQ polymers oxidized by three oxidants exhibit basically similar IR spectra, indicating similar chain structures, but only PAQ obtained by (NH 4 ) 2 S 2 O 8 exhibits a stronger peak at 1580 cm -1 to quinoid rings than at 1490 cm -1 to benzenoid rings, implying a higher content of the quinoid rings in the polymer. The UV-vis absorption spectra of all PAQ salts in Figure S4 exhibit three bands: the first band at 260-280 nm owing to a π-π* transition 19, 20 , the second band at 420-460 nm due to quinone groups, and the third band centered at 600-650 nm due to an n-π* excitation band from the benzenoid to the quinoid ring in the polymer chains 21 , which are quite different from the UV-vis spectra of the AQ monomer. The strong band of the monomer centered at 380-480 nm due to quinone groups has become a moderate or even weak band for the three PAQs 22 . Moreover, the PAQs display a unique band at 600-670 nm corresponding to the excitation of the large π-conjugated system in their PAN-like units, [17] but this band was not observed in the UV-vis spectra of AQ monomer. The wide-angle X-ray diffractograms for virgin salts of the PAQ polymers obtained with three oxidants in 24 . It is apparent that the self-stabilization of the nanofibrils would be assigned to the existence of negatively charged quinone groups on the polymer units.
The quinone group as an internal stabilizer can provide strong static repulsion and steric hindrance amongst the nanofibrils and thus efficiently stabilize them. On the other hand, the polymer mainchains have a tendency to force the nanofibrils to grow along the axial direction of nanofibrils because of the high rigidity of the PAQ polymer mainchains (see Figure 2) . Therefore, the nanofibrils with high purity and clean surface can facilely be obtained here because 1) no external stabilizer was added into the polymerization medium and 2) dissociative HCl, residual AQ monomer and oxidant, and its reducing product (NH 4 ) 2 SO 4 in or on the nanofibrils have been totally removed by centrifugation in water. 
Properties of the PAQ nanofibril bundles
Bulk electrical conductivity of the PAQ nanofibril bundles strongly depends on the polymerization conditions like AQ concentration, oxidant species, polymerization temperature and time. As illustrated in Figure 1(a) , the redoped salts of PAQ formed at an AQ concentration of 100 mM possess higher conductivity corresponding to lower yield, but the redoped salts of PAQ formed at an AQ concentration of 50 mM possess the lowest conductivity corresponding to the highest yield. That is to say, the yield is inversely proportional to the conductivity with the AQ concentration for the polymerization. As summarized in 30 with very high cost in Table S2 . That is to say, the PAQ appears to be a highly thermostable cost-effective polymer owing to a combination of its high aromaticity and good π-conjugated structure of polycyclic fused ring type. Furthermore, it was surprisingly discovered that the PAQ powders oxidized by (NH 4 ) 2 S 2 O 8 at 15°C exhibit an extremely high char yield in nitrogen (Table S2) nitrogen, but still achieve a higher carbon yield than most traditional flame-retardant polymers, except for two ethynyl polymers 31, 32 and poly(p-phenylene) 33 . The latter have an extremely high cost and complicated synthetic process as shown in Table S2 . This char could act as an insulative shield when burning, protecting underlying substrates.
The PAQ nanofibrils synthesized here represent significant progress in the development of advanced materials, because it offers a good combination of unique heat and flame resistance and high char yield with simple synthetic route and low cost.
Conductive nanocomposite film of the PAQ nanofibrils 
